A rapid and direct liquid chromatographic (LC)technique
D
istillation of oleochemicals and deodorization of edible oils normally require a high temperature (240E-270EC). This temperature may be achieved either by direct electrical heating or, more commonly, by indirect heating with coils through which a thermal heating fluid (THF) or a high-pressure steam is circulated (1) . THF is also used in some ocean tankers or barges to melt oils and fats or oleochemical cargoes under controlled conditions. Although high-pressure steam is preferred today, THFs are still used in older plants in many parts of the world. THF is a controversial issue because there is still disagreement in the edible-oil-processing industry whether its continued use as a heating medium should be allowed. Some producers believe that THFs do not pose a health threat (2) , but others are skeptical about the safety of products contaminated by leakages in the heating coils (3, 4) .
One of the commonly used THFs is a highly stable eutectic mixture of diphenyl oxide (DPO) and biphenyl (BP) in the ratio of 73.5:26.5. This mixture is trademarked as Dowtherm A. The crude method for detecting contamination is based on Dowtherm A's distinct smell, which is detectable even down to 1 µg/mL, or on a drop in Dowtherm A pressure in the system. However, this method is not reliable. The development of a sensitive method to detect low levels of THF in a contaminated product will allow refineries and oleochemical producers to monitor their processes regularly, enabling them to provide additional quality assurance to their customers. Takagi (5) has reported a gas chromatographic (GC) method for the determination of Dowtherm A in fatty oils after separation of the hydrocarbon fraction from the unsaponifiable materials by thin-layer chromatography. Hayashi et al. (6) and Imai et al. (7) described methods that incorporate a predistillation to recover Dowtherm A before GC analysis. Min and Wen (8) took a step further by installing a U-shaped precolumn before the GC column to trap the oil sample, thus avoiding sample preparation. The standard American Oil Chemists' Society (AOCS) method for detection of Dowtherm A by GC also requires extraction (9) . Although these GC techniques detect DPO and BP down to as low as 0.2 µg/mL, the procedures are time-consuming and tedious.
Liquid chromatography (LC) coupled with fluorescence detection has proven to be an invaluable technique for determining aromatic organic compounds. Applications have been reported for determination of nonylphenol and octylphenol ethoxylates in effluent (10) , salicin in dietary product (11) , and benzylideneacetone in fragrances (12) . DPO and BP consist of 2 aromatic rings each, and they exhibit fluorescent properties (13) . In this paper, we propose an LC technique using a fluorescence detector for determination of Dowtherm A in spiked oleochemicals and edible oils. 
Results and Discussion
Fluorescence is the result of the emission of light energy from a molecule that has become excited by light absorption. Highly conjugated nonaromatic, aromatic, and heterocyclic compounds are fluorescent. BP, which consists of 2 phenyl rings joined with a single bond, is highly conjugated and thus exhibits strong fluorescence. However, with the presence of an ether linkage as in DPO, the molecule loses some of its conjugation. Thus, DPO is less fluorescent than BP (13) . Figure 1 shows the stacked chromatograms of fresh Dowtherm A; the first peak is ascribed to DPO and the other, to BP. The BP peak in fresh Dowtherm A fluoresces with relatively higher intensity than does used Dowtherm A because of degradation of the THF after prolonged use at high temperature. Used Dowtherm A was used for calibration because it is more likely to be present, rather than fresh Dowtherm A, in contaminated sample in the event of a leak. The fluorescence peak areas of BP of the various calibration standards with used Dowtherm A are given in Table 1 . The calibration graph of fluorescence intensity against concentration of THF is linear, with r 2 = 0.999. The regression equation is y = 585685x + 12598. The calibration developed was validated with spiked glycerin samples containing 0.11-7.5 µg used Dowtherm A/mL. Recoveries were 90.9-109.9%, with coefficient of variations (CVs) of 0.012-0.087 ( Table 2) .
The suitability of the method was evaluated with other basic oleochemicals and RBD palm olein. Because contaminated samples were not available, quantitation was performed on spiked samples again. The chromatograms of some spiked samples are depicted in Figure 2 . All analyses gave equally smooth baselines with no evidence of any interference of DPO and BP peaks with the products analyzed. However, an extraneous peak in RBD palm olein was observed that could be due to oxidation products such as peroxides and aldehydes, which possess fluorescent properties (14) . Hydrocarbons containing conjugated double bonds are also known to fluoresce (13) . Malaysian commercial palm oleic acid, which contains about 13-19% linoleic acid, might fluoresce. However, these fluorescence peaks occur away from those of DPO and BP and do not interfere with quantitation. The results for the various samples of spiked oleochemicals and palm olein are given in Table 3 . Recoveries range from 91.3 to 108.7% (CVs of 0.18 to 1.14) at 0.15 to 10.7 µg/mL levels. A plot of the means of triplicate analyses plotted against spiked concentrations yielded a slope close to unity, with r 2 = 0.9891. The detection limits as low as 0.1 µg/mL (>3 times the baseline noise) were similar to that obtained for the spiked glycerin sample.
Conclusions
The LC technique does not require any pretreatment, thus offering a clear advantage over GC techniques. With a simple elution system, the whole analysis takes only 10 min, making it more convenient for quality assurance purposes. It is applicable to basic oleochemicals and edible oil, as long as a blank run shows there is no interfering component that fluoresces in the same region as Dowtherm A. 
